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SUMMARY

C. McLemore

The results of an investigation in the Lsngley full-scsle tunnel
of the static longitudinal stability and control of a convertible-type
airplane (combination helicopter and airplane) as affected by articulated-
snd rigid-propeller operation sre presented in this paper. The investi-
gateion included force measurements for a very large sngle-of-attack rsnge
(from 12° to 90°) of the model with the all-movable horizontal tail
instslled and removed. The flight attitudes investigated include normal-
flight conditions with full power applied,and the convertible-flight
region at high singlesof attack including the transition to the hovering
condition. The effects of .ailavatorand stability-flap deflection on
control-surface effectiveness end on hinge moments were determined. The
effects of propeller slipstream on the ailavator effectiveness at a
static condition and at an angle of attack of 90° for low relative veloc-
ity conditions were slso determined.

The results show that the destabilizing effect of propeller opera- ,
tion was more pronounced for rigid-propeller operation than for
articulated-propeller operation because of the reduction in propeller
normil force and the increment of positive pitching moment due to
propeller articulation. The airplsne for full-power operation has a
positive-static-margin aversge of about 5 percent for srticulated-
propeller operation and about 3 percent for rigid-propeller operation “ -
over most of the lift-coefficient rsnge from O.’jO(11.3° angle of attack)
to about l.~ (@,OO angle of attack). me m-movable horizont~ tfil
is sufficiently powerful to trim the airplane throughout the lift-
coefficient range (from O.~ to 1.80) for full-power operation, although
appreciably less deflection is required for trim with rigid-propeller
operation. The destabilizing effect of full-power operation at moderate
@les of attack was more pronounced for rigid-propeller operation.
Full-power operation caused sa increase in the ailavator effectiveness
from -0.00X per degree at a lift coefficient ofO.48 (11.3° angle of
attack) to -0.00$%2per degree at a lift coefficient of 1.84 (29.00 sngle
of”attack) with articulated-propelleroperation. The effectiveness>
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however, was essentially constant at a value of about -0.0057 per degree
throughout-the lift-coefficient range with rigid-propeller operation.
Full-power operation for articulated- and rigid-yropeller operation
increas:d the slope of the lift curve to about 0.068 and 0.070 per
degree, respectively, as compared with the pro~ller-removed value of
shout 0.032 per degree. The airplane can be trimed with ailavators
alone in the high-angle-of-attackrange up to 58° for rigid-propeller
operation. No trim point is indicated,however, for any of the condi-
tions for articulated-propelleroperation. The results of the ailavator-
effectiveness tests show that the ailavators have a high degree of
effectiveness for the zero-velocity condition. For the condition at an
angle of attack of 90° with a forward velocity ofl.22.5miles per hour,
the data indicate that very little, if any, of the propeller slipstream
passes over the tail; however, the forwsrd velocity i.sappreciably lsxger
than would be expected for an actual fligkdvconditioh. The stability
flap can be used as a trimming device for the normal-flight attitudes;
however, in the transition range the effectiveness is insufficient for
trimming.

INTRODUCTION

Appreciable interest has been shown recently in the convertible-
type airplane (combinationhelicopter and airplane) as a possible means
of combining practical flight-at very low speeds with efficient flight
at moderately high speeds. For the very low speed region, numerous
inherent aerodynamic problems are associated tith stability snd control
for which very little information exists at the present time. Therefore,
as a part of a general investigation in the Langley full-scale tunnel of
a convertible-type airplane, tests have been conducted t-odetemine the
low-speed static longitudinal stability and control characteristics of a
proposed military airplane designed for operation over a very wide angle-
of-attack range. This airplane has an almost-circularTlan form with
large-diameter articulated propellers located ahead of the wing tips.
An all-movable horizontal tail (ailavators)is used tc-obtain both longi-
tudinal and lateral control. A limited analysis of the power require-
ments of the subject airplane for low-speed conditions along with perti-
nent propeller-removed data as obtained from previous wind-tunnel tests
is given in reference 1.

Propeller operation at high angles of attack was expected to con-
tribute lsrge unstable pitching-moment increments. One objective in the
use of articulated propellers was to provide a decrease in the propeller
normal force as compared with that for conventional propellers and thus
improve the airplane longitudinal stability characteristics. Accordingly,
it was planned, wherever possfble, to provide comparisons of the effects
of articulated-propellerand rigid-propeller (convention&l)operation on
the stability and.control characteristics.
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The results of the current investigation given herein include force
measurements on the model obtained for a very large angle-of-attack range
(from 12° to 90°) for conditions with the propellers removed snd o~erating
and with the all-movable horizontal tail installed and removed. The
effects of ailavator end stability-flap deflection on control-surface
effectiveness and hinge moments were also determined. The effects of
propeller articulation on tie static longitudinal stability and control
were determined from tests with articulated- and rigid-propeller oyera-
tion. Tests were also made of the model to determine the effects of
propeller slipstream on the ailavator effectiveness for the static condi-
tion snd also at an angle of attackof 90° for low relative velocity
conditions.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moments. The data are referred to a system of sxes coin-
ciding with the wind axes. The pitching-moment coefficients are given
about a center-of-gravityposition located at a point on the root chord
projected into the plane of symmetry fkom 26.3 percent of the mean aero-
dynamic chord.

●

✎ CL lift coefficient (Lift/qS)

cm pitching-moment coefficient (M/qS@
%

cm resultant drag coefficient (DR/qS)

Ch hinge-moment coefficient (H/qb’c;2)

Qc torque coefficient (Q/2qD3)

Czd propeller-blade-section design lift coefficient

q“ free-stream dynamic pressure
()
+V2

v velocity

s wing area; 47.444 squsre feet on model

P mass density of air

a angle of attack of thrust @s relative to free-stresm
direction, degrees

.

% uncorrected angle of attack

4
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mean aerodynamic chord; 6.61 feet on model

resultant drag with propellers o~erating

pitching moment

effective downwash angle, degreeB

propeller advance-dismeterratio

propeller diameter; 5.33 feet on model

torque per propeller

propeller-blade angle measured at 0.70 radius, degrees

propeller-blade angle measured at any radius, degrees

radius at any propeller-blade section

propeller-tip radius

fraction of propeller-tip radius (r/R)

propeller-blade chord

propeller-blade-section

hinge moment of control

maximum thickness

surface

root-me=-square chord of control surface behind hinge line

control-surface span along hinge line

control-surface deflection, degrees

rate of change of pitching-moment coefficient per degree of
control-surface deflection

rate of change of hinge-moment coefficient per degree of
contrdl-surface deflection

ailavator

stability flap

.

a
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P propeller

t all-movable horizontal tail

The configuration tested was the ~-scale model of a convertible-
3

type airplsne. The description of the model and the tunnel-support
arrangement axe given in reference 1. A three-view drawing of the model
and its geometric characteristics are given in figure 1. Photographs of
the model mounted in the Langley full-scale tunnel are given as figure 2.

The model was poweredby a 200-horsepower, water-cooled, electric
induction motor. This motor was stimerged spsnwise in the model, and
power was transmitted from the mater to the propellers by mesns of exten-
sion shafts through right-angle gear drives at the wing tips. The pro-
peller installation at each wing tip consisted of 2 two-blade propellers
mxnted in tandem so as to form a four-blade configuration. These tandem
propellers rotated in the same direction, but the propellers at each wing
tip rotated upward at the wing center section.

The propeller blades were free to flap forward Ad rearward 10° from
the perpendicular to the propeller axis as they rotated. The blades of
each propeller were so interconnected that as one blade flapped forward
the opposite blade flapped rearward. In addition, as ablade flapped
forward the propeller-hub mechanism caused the bl,adepitch angle to
decrease, and conversely, as the blade flapped rearward the pitch angle
was increased. This load-relieving mechanism was believed necessaryby
the airplsne designer as the result of an enslysis which included consid-
erations of pi?opellerstability, blade loads, and uniformity of disc-
thrust loading. The propeller-blade plan-form curve-aare given in
figure 3. I?orthe rigid-propeller tests the blades were locked so that
no blade flapping occurred.

The propeller torque was determined from the calibration of motor
torque as a function

Stability flaps
trinuaingout most of
operation.

of minimum input current to the motor.

are provided (see fig. 1) for the purpose of
the destabilizing pitching moment due to propeller

The movable control surfaces on the model were hydraulically actuated
by remote control. Electrical position indicators and strain gages were
used to measure the control-surface deflections and hinge moments~
respectively. The strain gages were located only on the right control
surfaces.
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MEI’HODSAND TESTS

Force tests were made of the model for 6 range of angles of attack
from 12° to 90° and for tunnel velocities from about-23 to 55 miles per
hour.

Inasmuch as the effects of propeller operation on the lift of the
subject airplane are large, especially at the higher angles of attack,
the determination of the propeller-operating conditions for simulated
full-power operation required the fhzplicatiouof the correct blade angle
and advance ratio in addition to the torque coefficient, The methods
used to obtain these propeller-operating conditions are described in
reference 1. The three attitudes investigated are shown in figure 4,
both for articulated- and rigid-propeller operation. The propeller-
blade-angle settings of figure h are 1? less than those given in refer-
ence 1 because of a correction found necessary in the blade-an@e
measuring device.

Test~were made with articulated and rigid propellers at each of
the propeller-operatingconditions with the all-movable horizontal tall
installed and removed. For the te~t~-with the all-movable horizontal
tail removed the angle of attack, propeller-blade angle, and propeller
advance-diameterratio used were the ssme as those used with the tail
installed so that a close simulation of the full-power operating condi-
tions resulted.

The ailavator and stability-flap-effectivenesstests were made at
angles o~attack of 11.30, 23.1°, ad W.O 0 for simulated full-power
operation. Similar testB were made at high angles of attack for condi-
tions of-steady, unaccelerated flight (Cm =Oj as determined from

reference 1 and from thrust calibrations. The ailavator-effectiveness
tests were made for articulated- and rigid-propeller operation; whereas
the stability-flap-effectivenesstests were made only for articulated-
propeller operation. For the ailavator-effectivenesstests, the
ailavators were deflected through a r-e from -l@” to 4° ~th bf = OO.
For the stability-flap-effectivenesstests~ the stability flaps were
deflected through a range from -16° to 30°. For the stability-flap
effectiveness tests at angles of attack o&ll.3°, 23.1°, and 29.0°, the
ailavators were set for trim. At the higher angles of attack, the

0 inasmuch as theailavators were set at the maximum deflection of -h8 ,
ailavator tests indicated that the model could not-be trinrnedat these
attitudes. Hinge moments of only the right control sufaces were
recorded.

Tests were made at =’ singleof attack of 90° to determine the effects
of propeller operation on the ailavator-controleffectiveness for low-
forwsrd-velocityconditions. For the low-speed condition, the tests were

n
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made at a tunnel velocity of approximately 22.5 miles per hour with
propellers removed and for propeller operation at maximum thrust as
limited by a msximum allowable propeller speed of 2500 rpm. The static
test was made with the propellers operating at 2500 rpm. For these
tests, the ailavators were deflected throu@ a range from -~” to 8°
with bf = 0°, Hinge moments of only the right ailavator were recorded. “

Tests were attempted in order to determine, if possible, the
stability and control characteristics of the model in attitudes repre-
senting verticsl descent; however, the tests were terminated before any
data were recorded due to excessive vibration of the model in the air
stresm.

RESULTS AND DISCUSSION

The presentation of the test results and the analysis of the data
have been grouped into two main sections. The first section deals with
the static longitudinal stability snd control characteristics of the
airplane for normal-flight attitudes with full power applied. These
results are given in the summary curves of figures 5 to 14 which sre
derived from the original test data presented in figures 15 to 18. The
second section presents results for the static longitudinal stability
and the control-surface-effectivenesstests for the airplane in the
convertible-flightregion at high angles of attack including the transi-
tion to the hovering condition (figs. 19 to 22). Wherever possible the
comparisons of the effects of articulated- and rigid-propeller opera-
tion on the stability and control characteristics are included.

The data have been corrected for stresm alinement, blocking, and
jet-boundary effects. No tare corrections were applied to the data for
the effects of the support strut; however, it is felt that these effects
would produce no significant change in the stability characteristics.

Static Longitudinal Stability end Control at Normsl-Flight Attitudes

Longitudinal stability.- The static longitudinal stability of the
airplane is described by the stick-fixed neutral-point curves of
figure 6 which were determined from the curves of figure 5 by method 1
of reference 2. In general, for the normal center-of-gravity location
at 26.3 percent of the mesm aerodynamic chord, a positive-static-msrgin
average of about 5 percent for articulated-propelleroperation and
about 3 percent for rigid-propeller operation results over most of the
lift-coefficient rsnge fromOoW to 1.90. At the highest lift coeffi-
cient measured (CL * 1.9), however, no appreciable difference in the
stick-fixed stability between the two modes of propeller operation is
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presenti As explained in more detail subsequently,
of the airplane for articulated-propelleroperation
the reduction in the destabilizing-propellernormal
of propeller operation.

NACA TN 2014 .

the greater stability h“

can be attributed to
force for this mode

—-

An indication of the stick-free stabflity of the airplane given
by the variation of the pitching-moment coefficient for Cha = O with

lift coefficient is presented in figure 7 for the tab-neutral condition.
For articulated-propelleroperation a large amount of stability is
indicated for a lil%-coe~cient range from O.~ to 0.56 after which
neutral stability is indicated. With rigid-propeller operation, a
large emountiof stability is indicated for only a very small, low-lift-
coefficient range after which the stick-free stability decreases with
increasing lift coefficient-.

Longitudinal control.- The magnitude of the ailavator deflections
required for trim.shown imfigure 8 indicate that the all-movable hori-
zontal tail is sufficientlypowerful to trim the airplane throughout the
lift-coefficientrange from 0.50 to 1.8o for both the articulated- and
the rigid-propeller operatiori. The variations shown are stable but a
more desirable variation is given with rigid-propeller operation.
Appreciably less ailavator deflection is required for trim, however,
for rigid-propeller operation as compared w$th articulated-propeller
operation with the difference in the high-lift-coefficientrange %
smounting to about 14° which is about one-half the deflection required
with articulated-propelleroperation.

A reversal in
P%)a( ~ ~ocomPare~ththe ‘“”

measured at Cha = O

propellers-removed data of reference 1 from positive to negative values
is shown in figure 9 up to a lifti”coefficientof 0.60 for articula.ted-
and rigid-propeller operation.

(%)
At higher lift coefficients- C

decreases negatively with increasing lift-coefficientthroughout t~e

(b)rsmge investigated. The reversal in C a at-the lower lift--coeffi-

cients indicates that-there is an overbal&ce of the surface at the low
deflections. This reversal was also noted for the model with propellers
removed (see reference 1), and a comparison shows that propeller opera-
tion intensified the reversal.

Contribution of the tail to stability.- For convenience in the
interpretation of the stability characteristics of the airplsne, the
increments in pitching-moment coefficient-andlift coefficient due to
propeller operation for the model with the all-movable horizontal tail
removed are shown in figure 10. These results were obtained from
figure 18. Rigid-propeller operation contributes appreciably more
destabilizing effect than that shown for articulated-propelleroperation
as a result of the decreased normal force on the articulated propellers,
as noted preciously.

.-

.

h
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The change in pitching-moment

9

coefficient and lift coefficient due
to propeller operation for a conventional airplane with the tail removed
may be determined from considerations of the direct effect of the pro-
peller forces snd of the slipstream effect on the wing as described in
reference 3; accordingly by using the methods of reference 3, calcula-
tions of ~p and AC% ,weremade and are presented in figure 10 for

comparison with the experimental vslues. Such a comparison cenbe made
only for rigid-propeller operating conditions inasmuch as no methods are
available for predicting the force and slipstream characteristics of an
articulated propeller. The Nor agreement shown in figure 10 maybe
attributed largely to the effects on the induced flow of the unususl
propeller installation at the wing tips of the very low aspect ratio
wing.

By a comparison of the results of the tests of the model with the
all-movable horizontal tail installed with the propellers removed and
with the propellers operating (see fig. 17), the increments of pitching-
moment coefficient of the wing and tail due only to the effects of
propeller operation have been determined and are shown in figure 11.
The increments of tail pitching-moment coefficient due to propeller
operation sre small, especially for articulated-propeller operation.

The totsl contribution of the all-movable horizontal tail to the
longitudinal stsl)ilityof the airplane is shown in figure 12 for the
propeller-removed and the propeller-operating conditions. In general,
both the srtdculated- end the rigid-propeller operation caused an
increment of negative pitching-moment coefficient to be producedby
the tail. At the higher @es of attack, the increment in negative
pitching-moment coefficient decreases for the articulated-propeller
operation such that at an sngle of attack of 29° the value is the ssme
as that for the model tith the propellers removed. The normsl force on
the all-movable horizontal tail is positive throughout the smgle-of-
attack range for the propeller-removed as well as for the propeller-
operating conditions.

By a comparison of the pitching-moment coefficients of the model
with the sll-movable horizontsJ tail installed and removed, the effective
downwash angles at the tail were computed and plotted in fi~e 13
against singleof attack. The effective downwash angle is definedby the
tail incidence for which the contribution of the tail to the total
pitching moment is zero. As shown in figure 13, the effective downwash
at the tail is small for both articulated- and rigid-propeller operation.
A stable upwash at the tail is shown for articulated-propelleroperation
which remains essentially constant with angle of attack; whereas for
rigid-propeller operation the smell upwash at low angles of attack
gradually changes to a downwash at the higher angles of attack.
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Control-surface-effectivenessresults.- The ailavator effective-

(C% m was obtained from the results of figure 15 and is shown

plott& ag’~ynstlift coefficien=n figure 14, The aila;ator effective-
ness, for srticulatti-propelleroperation, increased from -0.00w per
degree at CL = O.~ to -0.0092”per degree at CL = 1.84. For rigld-

propeller operation, however, the ailavator effectiveness was essen-
tially constantat- a value ofabout -0.0057 per degree throughoutithe
Iift=coefficient range. The data indicate, therefore,,thatithe tail is
more favorably located with respect to the propeller sl~pstream for
articulated-propelleroperation than for rigid-propeller operation.
The ailavator effectiveness of the model with pro~ellers removed but
with engine-air ducts and canopy installed (see reference 1) was about
-0.00X per degree throughout the angle-of-attackrange investigated.
This vslue is offered for comparison with the propellers-operating data
for in this instance.the differences in model configuration are believed
to have little effect-on the control-surface effectiveness.

The results of the stability-flaptests are presented in figure 16
aud show the variations with flap deflection of ~, CL, Chf, and

cl%’
For-these tests the ailavators were setimt the deflectio required for
trim at each angle of attack. The flap effectiveness

()% f’ af = 00)
increases tiom a value of about -0.0025 per degree at an ang e of attack
of 11.3° %0 -0.0032 at an angle of attack of 23.1° and then decreases
to -0.0020 at an angle of attack of 29.0°. The flap effectiveness

()% f
with propellers removed for the same model confi&ation increases from “
-0.0020,per degree-at an angle of attack of U-.3 to -0.0026 for angles P
of attack of 23.2° smd 29.3° (reference 1). Propeller operation, there-
fore, has a small effect on the flap effectiveness. The stability flap,
therefore, can be used as a trimming device for normal-flight attitudes.

The flap hinge-momentrvariation
()c% f

measured at zero flap

deflec~on increases from about--0.0015 per degree at an angle of attack
of 11.3 to -0.00@ at an singleof attack of 23.1° and then decreases
to -0.0042 at an angle o~attack of 29.0~ for the model with propellers
operating (fig. 16). me value of ~~jfi increases rapidly in a

negative direction with increasing pbsitive and negative flap deflec-
tions but shows a marked reduction in hinge moment~th angle of attack
for positive flap deflections greater than about 16°. Propeller opera-
tion also has a small effect-on the rate of chspge of hinge-moment coeffi-
cient with flap deflection

()
chb f since the-maximum propellers-removed

value was -0.0032 p+r degree at an angle of attack of 29.3° (reference 1).
As shown in figure 16, flap deflection has no appreciable effect on the
ailavator hinge-moment coefficients for the conditions investigated.
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The effect of flap deflection on the lift coefficient is small
with the propellers operating, and this same effect was also noted in
reference 1 with propellers removed. A maximum increase in lift coeffi-
cient of only 0.19 (at a = 29.0°) ip measured for full positive flap
deflection with propellers operating (fig. 16) as compared with a value
of 0.12 at a = 11.3° with propellers removed (reference 1).

Effect of propeller operation on lift at normal-flight attitudes.-
With propellers removed the model has a low value of lift-curve slope
(O.032 per degree at CL = 0.6) which is characteristic of low-aspect-
ratio wings. N1-power operation more than doubled the lift-curve slope
with vslues of 0.068 and O.070 per degree being measured at CL = 0.6 .
for articulated- and for rigid-propeller operation, respectively. (See
fig. 17.) The rapid increase in lift due to propeller operation at the
higher angles of attack was discussed in reference 1 where calculations
showed that about one-third to one-half of the total increase in lift
due to propeller operation results from the lift component of the pro-
peller resultant force.

Longitudinal Stability and Control in the Transition Range

The airplane was designed for possible operation shove the normal
stall of the wing through the transition range to the hovering attitude.
As pointed out previously, in this high-angle-of-attack region propeller
operation was expected to be highly destabilizing and, therefore, the
longitudinal stability and control was expected to be critical; also,
propeller articulation was expectedto make the problems of stability
and control in the transition range less difficult.

Longitudinal stability.- As an indication ofithe longitudinal
I stability of the airplane in the transition range, curves showing the

,

variations of Cm with CL for constant ailavator settings are given

in figure 19. The data for figure 19 were obtained from the curves of “
Yigure 20. The large lift coefficients for the model nleasuredin the .
high-attitude transition range indicate that a greater part of the total
lift is being assumedby the vertical component of the propeller thrust.
The v~iations of Cm with CL for full-power rigid-propeller operation
near trim indicate that the airplane will be unstable in the transition
rsnge investigated. The instability of the airplane with rigid-propeller
operation is due largely to the unstable pitching-moment contribution of
this type of propeller operation. The effect of propeller articulation
is to decrease markedly the unstable contribution of the proyeller;
however, the decrease is excessive with the result that the airplane
cannot be trimmed for smy of the conditions investigated. Because no
trim points are shown for the airplane with articulated-propeller
operation, the variations of Cm with CL do not necessarily indicate
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the longitudinal stability characteristics of the airplane, at least
for the particular configuration investigated..

The airplsne canbe trinme~with ailavators alone in the high-
angle-of-attackrange up to about 58° for rigid-propeller operation.
(See figs. 19 and 20.) The ailavator deflection required for trim
increases from -26.8° at a x k~” to -32.8° at a x @, then decreases
to about 0° at ccz 58°. These result-sindicate that at emgles of-
attack up to h6° the large negative pitching moments associated with
the wing alone with propellers removed (reference 1) predominate over
the positive pitching moments createdby the propeller normal force.
At-an amgle of attack of58°, however, these effects counterbalance one
another with the result that-very little ailavator deflection is
required for trim. An increase in the angle of attack to 69° results
in a condition where the model cannot be trimed with rigid propellers
operating because of the predominate effectiof the destabilizing
propeller normal force. -—

Ailavator effectiveness.-The ailavator effectiveness
()c% a

at trim for rigid-propeller operation increases slightly from a value
of abou-t=O.0064 per degree at an angle of attack of 41° to -0.0074 per
degree at an angle of attack of-k6°, then decreases to -0.00k0 per
degree at an angle.of attack of 58°. (See fig. !Z1.) Although no trim
points are indicated for any of the other conditions investigated, the
ailavator effectiveness for artictiated-pro-~lleroperation is much
lower than for rigid-propeller operation. The variation of Cha with

ba is also lsrger for rigid-propeller operation than for srticulated-
propeller operation except at an angle of attack of 69°. It is inter-
esting to note that for angles of attack of 41° and ~“ the ailavator
effectiveness for rigi~-propeller operation is greater thsn that
measured for the normal-flight attitudes.

In order to evaluate the longitudinal control characteristics of
the airplane for the hoverimg attitude the ailavator effectiveness was
determined with articulated-propelleroperation only, both for the zero-
forwsrd-velocity condition and for as low a forward velocity as could be
obtained in these tests which was about 23 miles per hour. The results
are given in figure 21 for en angle of attack of 90°. For the static
test with the ailavatmrs immersed only in the propeller slipstream, the
pitching moment increases rapidly with increasing ailavator deflection
up to ba = -l@ after which, due to ailavator stalling, the pitching
moment-~remain essentially constant. (See fig. 21(a).) No trim point
is indicated for the range of ailavator deflection investigated. The
hinge moments increase slightly with ailavator deflection up to -16°
after which a rapid increase occurs with increasing deflection. With a
forward speed of 2P.5 miles per how–and with articulated-propeller
operation, the ailavator effectiveness is essentially zero throughout

.“

●

.
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the deflection range. The associated hinge moments for this condition
at the high deflections sre much lower than those measured for the zero-
forwsrd-velocity condition. The results indicate, therefore, that only
a very small part, if any, of the propeller slipstream passes over the
tail when the airplane possesses a forward speed of 22.5 miles per hoti
snd that the airplane cannot be trimmed. It shoul.dbe emphasized here,
however, that for the model angle of attack investigated, the forward
velocity of 22.5 miles per hour is higher than would be expected for a
reasonable flight ccndition when comparison is made with similsr heli-
copter flight attitudes. The data, however, are thought to be indicative
of the trends to be expected at low forwsrd speeds.

The large increase in lift of the model die to propeller operation
in the static condition, which is essentially the thrust of the pro-
pellers, is further increased about 10 percent by the addition of the
low forward speed (fig. 21(b)). It is significant to note that this
increase in thrust at constant power with forward speed is very similsr
to that experienced by the helicopter rotor because of the lower induced
losses that occur in the transition from hovering to forwsrd flight.

No data were obtained from the simulated descent tests at sngles
of attack of lx”, 165°, and 180° because of the dengerous oscillations
encountered; this oscillatory condition may have been the result of the
interaction between the propeller slipstream and the velocity of descent.

. This conclusion appears to be substantiated, in part at least, by the
tests with the propellers removed in which no evidence of such oscilla-
tions existed. It shouldbe pointed out, however, that for an actual

*
flight condition the velocity of descent wcmldbe much smaller than the
value of 22 miles per hour at which the tests were.made.

Stshility-flap effectiveness.-Although the stability flap was
found to be useful as a trimming detice at the lower angles of attack,
an investigation of the flap effectiveness was more imp&rtant in the -
transition range where lsrge negative pitching moments were measured
with articulated-propelleroperation. The variations of Cm, CL, Cha,
md Chf tith ba tie given in figure 22 for angles of attack of

41°, &60, 580, and 69° with articulated propellers operating for condi-
tions of Cm = O. For these tests, the ailavators were set at the-.
maximum deflection of -~” inasmuch as the ailavator-effectivenesstests
indicated that the model could not be trimmed with ailavators clone.
However, with the ailavators set at -~” the stability flaps also could
not trim out all of the negative pitching moment. The flap effectiveness
is essentially constant throughout the deflection range and C f

(%1
measured at b = 0°

?
iS -0.0026, -0.0020, -0.0013, and -0,00i7 p&

degree for sng es of attack of 41°, @, 58°, and 69°, respectively. AS
.

compared with the flap effectiveness at an angle of attack of 29.0°, the
flap effectiveness is not appreciably reduced at the higher angles of

.
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attack. The slope
()Cha ~ measured at bf = 0° is essentially constant

at -0.0075 per degree for all the conditions tested except for w angle
of attack of 69°. The slope for an

9
e of attack of 69° increased

gradually with flap deflection from 24 to -4° with a value at- ~f = 0°
of -0.0103 per degree. Tor flap deflections from -8° to 16° a reversal ,.
in slope is shown. Apparently up to very high attitudes the stability
flaps, when deflected, do not-influence the flow over the ailavatmrs
because the ailavator hinge moments remained unchanged for the stabilit’y-
flap tests. At the higheskattitude investigated (a % 69°) some inter-
action interference is shown by large increases In the ailavator hinge
moments when the stability-flaphinge moments reversed.

●

●

ity
and

SUMMARY OF RESULTS.

The results of an investigation of the static longitudinal stabil-
and control of a convertible-type airplane as affected by articulated-
by rigid-propeller operation showed the following: I

(1) The destabilizing effect of propeller operation was more
pronounced for rigid-propelleroperation than for articulated-propeller
operation because of the reduction in propeller normal force and the
increment of positive pitching moment due to propeller articulation. %

(2) The airplane for full-power operatton has a positive-stati.c-
margin average of Rbout 5 percent for articulated-propelleroperation *
and about 3 percent for rigid-pro eller operation over most-of the lift-

8coefficient range from O.m (11.3 angle of attack) to about 1.90 (29.0°
angle of attack). At a lift coefficient of about 1.90, however, no
appreciable difference in the etick-fixed stZbility between the two
modes of propeller operation is present. ‘-

(3) The Q1-rnovable horizontal tail is sufficientlypowerful to
trlmthe airplane throughout:-.thelift-coefficientrange (from O.w to
1.80) for full-power operation. Appreciably less ailavator deflection
is required for trim for rigid-propeller operation with the difference
in the high-lift-coefficientrange amounting to shout 14° which is
about one-half the deflection required for articulated-propeller
operation.

(4) The slope of the ailavator hinge-moment curve against deflec-
tion (for full-power operation) showed a reversal from positive to
negative values at low lift coefficients and then gradually decreased
negatively with increasing lift coefficient.

(5) me ailawtor effectiveness, for articulated-propelleropera-
tion at full -power,increased from -0.00n per degree at a lift
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coefficient of O.M (11.3° angle of attack) to -0.0092 per degree at

15

a lift coefficient of 1.84 (~.OO angle of attack). Fo~ rigid-propeller
operation, however, the ailavator effectiveness was essentially constant
at a value of -0.0057 per degree throughout the lift-coefficient range
as compared to the propellers-removed value of about -0.0050.

(6) Full-power operation for articulated- and rigid-propeller
operation increased the slope of the lift curve to about 0.068 and
0.070 per degree, respectively, as compared to the value of 0.032 per
degree obtained with propellers removed.

(7) The airpl= csn be trimed with the ailavators alone in the
high-angle-of-attack range up to fi” for rigid-propeller operation.
No trim point, however, is indicated for any of the conditions for
articulated-propelleroperation.

(8) The results of the ailavator-effectivenesstests show that the
ailavators have a high degree of effectiveness for the zero-velocity
condition. For the condition at an angle of attackof 90° with a
forward velocity of 22.5 miles per hour, the data indicate that very
little, if any, of the propeller slipstream passes over the tail;
however, the forward velocity is appreciably larger than wouldbe
expected for an actusl flight condition..

(9) The stability flap can be used as a trimming device for the
normal-flight attitudes; however, in the tr&nsition range the effective-
ness is insufficient for trimming.

Lsngley Aeronautical Laboratory
National Adtisory Committee for Aeronautics

Langley Air Force Base, Vs., March 10, 1949

.
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(a) Three-fourth front view.

Figure 2.- A ~ scale model of a convertible-type airplane mounted aide-
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wise for te8tB h the Langley full-scale Imnnel.



,.

●

..

.

.

.

.



1 * ,

(b) ‘J!bree-fourthrear view.

Figure 2.- Cadimed..
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(c) Front view.

Figure 2.- (hncltiei .
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Figure 13. - Effect of propeller articulation on the vsriation of Ceff
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.0/
Articulated propellers .

——— Rigid propellers
,

($c~ o

(Cm=o)
/ ‘“ —

\914 “ .8 /Z /6 20 24. . . . *

Figure 14.-

with

cL
Effect of propeller articulation on the variation of

()% a
CL for Simd.ated ~-poWer oPeration. ~f = OO.

.

.

.



NACA TN 2014 ●

7/

2.4

2.0

/.6

.8

4

0
.2

Cho

—,-.. . .. . -—..-—..——. ..-.

k ~
T

1.’

~~: ‘-..-Y

a, deg p, deg
011.3
E123.1 3.5@29.o )-——

J -.:(r

.....——-

..

(
\ (

-44
1-....4——

-40 -32 -24 76 -8 0 B

.-
.

(a)

Figure 15.- ~wlation or

simdatetLfull-power operation. Fy = OO.

6“,cieg

Articulatzxipropellers.

c CL, and Cl% with ba of the model for .
~J



*

.

NACAm 2014 35

./

C*QO

2.0

1.6

1.2

c.
,8

.4

0

.2

./

Ch o

<d LJ

a, deg p, &g

o 11.3 20

5%: & .J c.

f~
r

a

c.

(

\

-48 -# -32 -24 -16 -8 0 &

.-

.

.

(b) Rigid ~opellers.

Figure 15.- Concl’.~ded.



36 NAC!ATN 2014

./

o

-. .— . .. .,.

.—

.— .—-. .——.-
\ \

.——- ...-. .—.
h ~

-. \ ~g

~ -*
a, deg 13,dog 3atrh, dog

Q 11.3
$.5

-7.8
❑ 23.1 -21.8
029.0

....
-26.0

._,.———

2.0 ‘-— “-- ‘-—”-- - ‘- ‘-” ~ .y 4-
64 .—-... . .-. ,-.—.. .(F

16 —,-.
4

r‘1-—- r1

[— ~ ~
4 e —“

CL12 ‘“‘---
. .—.-—.

.8 ,.... ... .
I ‘-t-t-hi

. -- —--

-- —- -- .-— ..-..—-—,_,-...- ..—-.

.
. . . -.—-..—. -.— —- . . . .

4-Tl-‘“wFrT1531
-/6 -8 - ‘“O 8“ /6–- 24 32

$,d’eg

Figure 16.– Variation of Cm, cL~ chfJ d %a ‘ith af ‘or ‘imls+’a

full-power oyeration with articulated propellers.

.

..

.

.



t

2.4
.&
‘?=

s

~

2.0 ‘
/ J=

/ ‘/
1

/’

16
/

/

!#

c. 1.2
/

/
/ A.> 4

/( /’0- A.
/

I!/.8 / .

/ ‘ 0 Arthdated propellers
ElRlgwl propellers

~ FToWlerS removed
? “

4

08 /’2 /6 Z& 24 28 32
I I

./ o d 72

K, deg

Figure 17.- Effect of’ full-pcnmr operation on the variation of a and Cm with CL for the mmbl

with the all+novable hcmtzautel tail hatelled. bf = 0°.



.

c.

Fi_gure18.- Effect of

K, deg Cb

full-power operation on the vaxlatlon of a and Cm with CL fm the tiel
g

~
with the all+novable hcrizcmtal tail removed; ~f = OO.

H

g

4=

, u



NACA TN 2014 39 ‘.

.

.

.

0

:3

,4

.3

.2

o

(a) Mld*d propdlem.

II 6Q,deg

)69 .-48
1 1 i , , ,

I@L.pl-- rm!-40

(b) Rigid propellers.

Figure 19. - Variation of Cm with CL for several ailavator deflections,

c%
2 o; bf = OO.

.

.



40 NACA TN 2014
,

.

— .—
[

./ ‘--- ‘-- ~ y ---”– “- ---- ---- ----- ---- --- ~~----

\

.-—. -.. . .- . . .

O(~
L-L

. .— ,.-

““’’-=’ “ ‘ ‘

c,

Srl=m
2 I I

. ... . . . . .- ...—.,-
H

ummOuLacaa propeller-;vim, 0.40
12Rigid propellem; V/no, 0.52

t

I I

I

6e,deg

(a) a241°,

Figure 20.- Effect o&proTel.ler articulation on

and Ch~ with ba for conditions oh =
%

the yariatim of Cm, CL,

o. P = 11.50; bf =00.

*

-- .—.,—.-

.



NACA TN 2Q14.

.

.

(h) ax 460.

Figure 20.-Continued.



NACA TN !2014

“’l“”””’l-”-”:rrr”rrrrrml
t)

-1

+ I I I I I I 1, 1 I I 1 \

H-i GMMmlahd propellers;V@, 0.30
nRlsfd PrOPOlhrS; V/nD. 0.21

-i-H

Z2

.2

./

P:‘ >1%

.—----
— .

H-1 I-. x

-1i b !. —

.-

.

. . . . . . . ---~ . .-— -— —

— ---

. . — --— —

I “-H
l--lTrJ.l-;J-IIrEq;

7~48 -40
6a,dej “6 +

(c) a~*O.

Figure 20.- continued. ‘

— .,-.
.—.-

.



NACA TN 201k 43

C4
a

OArtlOulated propellers; V/no, 0.20
I HRfgidPI?oP811ers;V/nD, 0.19

H-i

‘T

o

I

d

:2

‘~4% “-40 -32 -24 -16 -8 0

.

.

&a,CL?g

Figure 20.– Concluded.



44 NACA TN 2014

-200““
~ J

c* .2 -— — ~— —
‘1
— — >— — ...

-m .. — .
f>

(7 - Y - - r ~ - ~ -y )

0“
y

c >

f 100

t

r

8
{

VjZm~
~ / ‘

$ 3~ $~

<Y / “

400
OV, 22.5mph; propallera operating
EIV, 24,5mph; propellers removed
OV, Omph; propellers owrating

10

0 ‘k\
\

*6 \
I

2 >

.

$4

&
\

$

$2

$ ~“y + -—,-.

o’

-% -40 -J2—’ -24 ‘-16 -8 0 d

$

*

—

6Q,d!!

.
(a) Variation of pitching moment and hinge moment with ba.

Figure 21.- Ef’feetof propeller operation and forwsrd velocity on ailavator
effectiveness. Articulated propellers; ~ = W“; B = ll.~”; 2~0 rpm;
6. = OO.

.

1



. NACA TN 2014

.

0 V, 22.5 mph; prop.sllera operatiq
ElV, 4.5 mti; propeller removed
0 V, O mph; prowllers operatkg

500

400

300

200

100
T

~ J.
Q48

A m n
-40 -32 -24 -16 -8 8

6=, deg

(h) Variation of lift with ba.

Figure 21.– Concluded.

.

.



46 NACA TN 2014 .

6f,deg

(a) a X 41°; ~ = 0.40.

Figure 22.- Variatlon of Cm, CL> Cq> and Ch
a

of c
%

= O. Articulated propellers; P

-.
.

with bf for condltiona
.

= U.p”; 6a = -4&.
.



MICA TN m14 47

0

-4

3.0

CL
2.6

0

I ~ I I I t I =.37-/ i
7

1
z/6 ‘ .8

, r , ,

0 & i6 24
t

6+,deg

(b) ~ =46°; JJ = 0.37.

Figure 22.- Continued.



48 NACA TN 2014 .

-4

0

Ch 72

.

.

.

.

(c)~ % %O; ~ “ 0.30.

Figure 22.- Continued. .

.



* NACA TN 2014

J

.

“

6P,dig

(d) u %69°; ~ = 0.20.

Figure 22.- Concluded. -.


